This paper analyses post-entry and pre-exit performance of French firms using a dataset covering 14 manufacturing industries over the period [1990][1991][1992][1993][1994][1995][1996][1997][1998][1999][2000][2001][2002]. The main focus is on market selection mechanisms looking at total factor productivity levels of entrants and exitors relative to incumbent firms. Entrants are found to outperform incumbents, while exitors are less efficient than their surviving counterparts. We nonetheless found key distinguishable features of exit patterns between young and mature firms. Young exiting firms do not display productivity disadvantage relative to incumbent firms. By contrast, mature exiting firms display large and persistent productivity disadvantage relative to their surviving counterparts (shadow of death effect). The determinants of exit differ for entrants and incumbents. Productive inefficiency is a key determinant of the exit of mature firms but not entrants.
Introduction
In market-based economies, firms are continuously subject to market selection forces. At all time, firms must make sure to be profitable enough in order to remain on the market. The determinants of the relative abilities of firms to survive on competitive markets are diverse and complex. In this paper we focus on productive efficiency criteria and investigate if productivity differences between firms are a key determinant of their relative ability to survive. The link between productive firm heterogeneity and industrial dynamics (entry, exit and reallocation of market shares) have successfully been integrated into the standard general equilibrium framework (Jovanovic, 1982) which, in turn, helps to discuss the relationship between industry characteristics, technology, and firm's productivity distribution (Ericsson et Pakes, 1990 , Hopenayn, 1992 . These models are now confronting empirical data due to the increasing availability of Longitudinal Micro-datasets (LMDs) in a large variety of countries (see Bartelsman and Doms 2000 and Tybout 2001 for recent surveys).
Our paper adds to this literature using a dataset for French Manufacturing firms over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] . We compute measures of Total Factor Productivity (TFP) for all French firms above 20 employees operating in manufacturing industries. We follow the productive performance of entering, continuing, and exiting firms over time in order to address the issue of the efficiency of market selection mechanisms. On main issue is to investigate to which extent efficiency criteria play a similar selection role at different stage of a firm life. Behind this hypothesis, lies the idea that several competitive games co-exist within a same courtyard.
More specifically, the competition that prevails between incumbents and entrants may not involve the same selection mechanisms than the competition that prevails among incumbent themselves.
The paper is organized as follows. Section 2 presents the literature background. Section 3 discusses issues involved in building our longitudinal data set. In Section 4, we focus on young firms and describe the relationship between productivity firm heterogeneity and postentry performances. In Section 5, we do a similar exercise on mature firms in describing the relationship between productivity firm heterogeneity and pre-exit performances. In Section 6, duration models are further developed to investigate how the determinants of the hazard of exit vary at different stages of the life of a firm. Section 7 concludes.
Literature background
Recently, comprehensive and large plant-and firm-level datasets have been made available in a large variety of countries to address the issue of the contribution of plant and firm turnover to the productivity growth of manufacturing industries. A non-exhaustive list of contributions includes Baily et al. (1993 ), Haltiwanger (1997 ), Foster et al. (2001 for the United States, Griliches and Regev (1995) for Israel, Liu and Tybout (1996) and Eslava et al. (2003) for Chile and Colombia, Hahn (2000) and Awe, Chen and Roberts (2001) for South Korea and Taiwan, and Nishimura, Nakajima and Kiyota (2005) for Japan. Furthermore, Scarpetta et al. (2002) and Bartelsman et al. (2003) provide comparisons of the contribution of turnover to productivity growth within 10 countries including France 1 . From this literature, new stylized facts on entry and exit patterns and related implications for the analysis of industrial dynamics have emerged.
Basically, it has been shown that exiting firms were usually concentrated in the lowest part of the productivity distribution, suggesting that markets were contributing to aggregate productivity in rightly selecting against inefficient firms. Evidence of this natural selection mechanism (NSM) 2 has been found in a large variety of countries. More surprisingly , such evidence has even been found in the case of developing countries, even though sources of markets distortion can be thought of as particularly prevalent in those countries (see Tybout (2000) for a survey of empirical evidence on the developing World).
Nonetheless, market selection processes may work more or less efficiently across countries, industries and over time depending on a potentially large variety of factors. For instance, Scarpetta et al. (2002) argue that, on average, firms tend to exit with better relative productivity levels in downturn times and in mature and/or restructuring industries. Nishimura, Nakajima and Kiyota (2005) advocate that natural market selection mechanisms no longer work in severe recessions as indicated by the fact that, over the last decade in the recessive Japanese economy, mature unproductive Japanese firms staid in the market while younger efficient ones exited. Awe, Chung and Roberts (2002) compare data for Taiwan and South Korea from 1983 to 1993, a period of rapid economic expansion for both those economies.
They conclude that institutions in Taiwan have, nonetheless, been more effective in supporting the market selection process against unproductive firms. Consequently, plant and firm turnover have much more contributed to the productivity growth of the Taiwanese manufacturing industries compared to the Korean ones.
Our paper pursues this line of empirical research by reporting new evidence on France.
It proposes to relate firm productivity (TFP) and entry and exit patterns in French manufacturing industries over the 1990-2002 period. In order to organise this empirical investigation, we rely on some empirical implications derived from the recent literature on stochastic dynamic industry equilibria with heterogeneous firms.
The starting point of this literature is the seminal paper by Jovanovic (1982) . In this model of "passive learning" (see also Hopenhayn, 1992) , firms are endowed at birth with a time invariant profitability parameter, which determines the distribution of its future profit stream. A central feature of the model is that a new firm does not know what its relative efficiency is (its cost function), but rather discovers it through the process of Bayesian learning from its actual post-entry profit realizations. By continually updating such learning, the firm decides to expand, contract, or exit. In this model, learning is said to be passive because information is obtained as a costless by-product of operating and also because learning does not affect the actual productivity of the firm. It simply "reveals" the predetermined and time-invariant relative efficiency of the firm.
By contrast, in "active learning" models such as Ericson and Pakes (1995) (see also Olley and Pakes, 1996; , it is assumed that the firm knows the current value of the parameter that determines the distribution of its profits, but that this value changes over time in response to the stochastic outcomes of the firm own investments, and those of other actors in the same oligopoly market. The firm grows if successful, shrinks or exits if unsuccessful. In this model, learning is said to be active not only because it requires specific efforts but also because it allows the firm to improve its relative performance.
While these two basic models are rich in their implications for firm level dynamics from the aggregate point of view, they are very complex dynamical systems. The main purpose of Hopenhayn (1992) is to provide a simpler framework by assuming that the perfectly competitive industry is in a stationary equilibrium. The model of industry dynamics become then more tractable and some interesting analysis of comparative static can be performed. Its main prediction is that firm turnover is negatively related to entry costs and, in turn, that low firm turnover is correlated with large productivity gaps between exiting and surviving firms.
However, due to the absence of price competition effects, market size has no effect on entry and exit rates. An extension of the model to an imperfectly competitive market with monopolistic competition is considered in Asplund and Nocke (2003) . The model generates implications of sunk costs and market size on firm exit and the size distribution of surviving firms.
These new theoretical models have started to be confronted to empirical tests in the middle on the nineties (i.e. quite contemporaneously with the literature on the microfoundations of aggregate productivity growth surveyed above). In particular, study the empirical implications of the passive and active learning models in great depth and proposed quite general nonparametric tests of alternative models of firm dynamics 3 ; their empirical study (on a eight-year panel of Wisconsin firms) suggests that the passive learning model fits the retailing sector well, while manufacturing shows patterns that support the existence of active learning. Abbring and Campbell (2004) propose alternative tests after accounting for heterogeneity across firms' pre-entry scale decisions and transitory shocks observed only by entrepreneurs, but they do not find any evidence of entrepreneurial learning for Texan bars.
Other papers propose more general comparative analyses encompassing several manufacturing industries. The Baldwin and Rafiquzzaman (1995) paper uses Canadian plant level data over the 1970-89 period to investigate to which extent the improvements in the performance of any entry cohort are the result of a pure selection process that culls out the (pre-determined) most inefficient entrants or of an evolutionary learning process that allows survivors to improve their productivity performance relative to incumbent firms. Their main conclusion is that both pure selection and evolutionary learning affect post-entry performance, but selection per se is a more important contributor to the overall growth of a cohort.
Using Spanish firm-level data, Farinas and Ruano (2005) test the implications of the Hopenayn (1992) model. They find that the productivity distribution of continuing firms stochastically dominates the distributions of entering and exiting firms. Moreover, the group of failing members of any entry cohort has lower productivity than the group of surviving members of the same entry cohort. Finally, they find that the post-entry productivity level of entering firms grows more rapidly than the productivity of incumbent firms, although this pattern is not always highly significant. This pattern is not solely consistent with a pure selection process as the one at work in the Hopenayn (1992) model but may also result from learning effects playing a role through investment, exploitation of scale economies, etc. Bhattacharjee (2005) proposes an hazard regression model for firm exit, with a modification to accommodate age-varying covariate effects, which allows to confront 3 Actually they built their tests in using the fact that the passive learning model differs from from the active learning model in that the stochastic process generating the size of a firm is non-ergodic. different theoretical models in a unified framework. More specifically, the proposed hazard regression models can accommodate negative effects of initial size that increase to zero with age (active learning model), negative initial size effects that may increase with age, but stay permanently negative (passive learning model), conditional and unconditional hazard rates that decrease with age at higher ages, and adverse effects of macroeconomic shocks that decrease with age of the firm. Using UK firm data, they conclude that their dataset is mostly consistent with the active learning model as the effect of initial size is significantly negative for a young firm and falls to zero with age.
We propose to investigate these issues further from a French case study by emphasising both common and divergent predictions which emerge from the passive and the active learning models about post-entry and pre-exit dynamics. Our methodology to compute productivity indexes is close to the one used in the Farinas and Ruano (2005) paper. Our focus is more in line with the Baldwin and Rafiquzzaman (1995) paper as we shed some lights on the relative importance of pure selection and active learning in shaping post-entry patterns. We add however to this paper in extending the analysis to the pre-exit patterns of mature firms and in emphasising the role of imperfect competition in shaping both post-entry and pre-exit selection processes. Finally, our paper is also close to Bhattacharjee (2005) in that we develop duration models and investigate how selection processes impact firms at different stages of their life. We however use explicit measures of firm relative productivity (and not size as a proxy of efficiency) to discuss the differences in the relative efficiency of firms. Finally, in putting the focus on the distinction between young and mature firms we also come close to the literature that emphasised the distinction between small and large firms (Audrescht, 2005) 4 .
A comprehensive dataset on French manufacturing firms

Data sources
The firm data set used in this paper is collected by the French Ministry of Industry (SESSI).
The French Census of Manufacturing (called EAE 5 ) is a unique census collecting information about inputs and outputs of all individual firms of more than 20 employees. This census allows us to trace quite extensively the performance of firms over time. Compared to the existing literature, an interesting feature is that data are directly collected at the firm level, not 4 Farinas and Ruano (2005) also distinguish between large firm and small firms but their underlying theoretical model (the Hopenayn (1992) one) rules out any independent impact of the size of the firms on their relative performances. 5 Enquête annuelle d'entreprises at the plant level. This means that we are dealing with firm (not plant) turnover. This has the advantage of avoiding potential spurious effects when assessing the specific role of market selection for productivity growth. Indeed, a plant closure is never the direct consequence of a market selection process. It is the direct consequence of a firm decision. It is likely that a firm decides to close a plant because the latter is not productive enough. This selection process is not however a pure market selection process. It is internally organized by the firm and then depends both on the ability of the firm to restructure and on the capacity of the market to constrain firms to get rid of unproductive units. In order to assess properly the contribution of market selection (not the ones of firms' internal capabilities) in promoting productivity growth, it is therefore better to consider firm turnover and not plant turnover.
Additional industry-level data, mainly used in productivity computations, come from the INSEE database (French System of National Accounts). These data are presented in detail in the Annex of this paper.
Entry and exit patterns
We rely on the following standard definition for entrants, continuing and exiting firms: an entrant is a firm existing in the reference year t but not in t-1; An exiting firm is a firm existing in the reference year t but not in t + 1; A continuing firm is a firm existing in the reference year t and t + 1 and t -1 6 . Applied to our dataset, these definitions induce a few reentry phenomena, essentially due to the +20 employees threshold effect 7 . This effect induces an overestimation of firm turnover rates. However, as only the smallest firms in the sample are concerned, it may not bias so much the inputs or output-weighted entry and exit rates.
According to these definitions, the dataset exhibits average firm entry and exit rates of about 9 and 10 %, respectively. The firm turnover rate 8 averages then 18 % per year with a slightly decreasing trend over the period of investigation (see Table 1 & Table 2 ). These numbers are slightly lower than the ones reported for France by Bartelsman, Scarpetta and Schivardi (2003) . Their firm turnover rate for manufacturing is around 24% by year in the period 1989-1994 which ranks France as a relatively high turnover country in comparison with other OECD countries. Another feature of our dataset, quite in line with the existing literature, is that industries significantly differ according to their turnover rates. 3.3. Productivity measurement Following Caves, Christensen and Diewert (1982) and Good, Nadiri and Sickles (1997) , the total factor productivity index for firm i at time t is measured in the following way: The first characteristic our dataset shares with the firm-level productivity literature is the degree of heterogeneity among firm's productivity levels. Table 3 presents several measures of this heterogeneity. The first column reports, for each year, the standard deviation of productivity levels computed on the whole database. The second column shows the difference of the log of productivity for the firm at the 90th percentile and the log of productivity for the firm at the 10th percentile (the 90-10 differential). These numbers suggest a large variation in productivity. The spread in productivity between the firm at the top decile and the one at the first decile is about 70 % for the TFP and around 150 % for labour productivity. The 90-50, 50-10 and 95-5 differentials are shown in the next columns. Note that all of these productivity spreads are fairly stable over time, suggesting a persistent heterogeneity in firm productivity levels. For some part, this heterogeneity reflects the contrasting performance of French manufacturing industries during the 1990-2002 period. Figure 1 below portrays the average annual growth rates of the TFP for each of our 14 industries. These productivity indexes are computed by aggregating individual TFP indexes as follows:
where is the share of the ith firm in the overall gross output of the 2-digit level industry to which it belongs and lnTFPi,t is the productivity index for firm i. Clearly, inter-industries differences contribute to the heterogeneity in firm's productivity distribution. However, they explain only a small part of it. After controlling for the industry, firm heterogeneity remains high. This suggests that some firms are intrinsically more productive than others and it is worthwhile to investigate further how those differences in firms' productivity relate to entry and exit patterns both at the aggregate (whole manufacturing) and at the industry level.
Post-entry performance
Using the previously emphasised distinction between passive and active learning models of industrial dynamics and considering that imperfect competition is likely to prevail on manufacturing goods markets, one can identify at least three different types of learning involved by entry. First, entry can reveal to new firms information about their relative abilities at birth. If ability at birth is the only source of firm heterogeneity 9 , post entry selection will induce that only the firms which will reveal themselves to be endowed with high enough efficiency levels will survive. Second, entry can reveal or produce knowledge about how to produce more efficiently. If this type of learning is pre-dominant, surviving entrants will be the ones which are the most skilled to progress 10 . These abilities can or cannot be related with initial abilities in relative efficiency (i.e. abilities at birth). Third, entry can reveal or produce knowledge about "how to struggle" on imperfect competitive markets.
If this type of learning is pre-dominant, technological abilities at birth or abilities to catch-up best practices after entry are not as important as the ability to face reactive strategies developed by powerful incumbent competitors 11 . According to this view, surviving entrants will be the ones which will succeed in overcoming their initial strategic disadvantage relative to incumbents firms.
In this Section, we shed some lights on the relative importance of these three types of learning while describing the post-entry performance of new entrants. We proceed in three main steps. First, we trace in time the average productivity (TFP) of each entry cohorts relative to incumbents firms. Second, we discriminate further between successful and unsuccessful entrants and compare their productivity levels not only among themselves but also between themselves and the incumbent firms. Finally, we examine how these productivity gaps are related to changes in the relative size and profitability for the two types of entrants: successful ones and unsuccessful ones. Catch up 11 This last type of learning may be especially important if competitive threats from existing firms change along the post-entry period. For instance, it can be the case that incumbents also lack from precise information about the actual threat the new entrants offer to existing firms. Incumbents may then have to wait after entry and the early maturation process to device reactive strategies in order to cope with the new competitive threat due to emerging adolescent entrants. 12 While our investigation focuses on the 1990-2002 period, we can trace back the presence of a firm since 1984. 13 The relative productivity of entrants is computed in two steps. First, the relative TFP index of each new entrant is computed as the difference between individual TFP indexes (measured in log) and the average TFP index of their incumbent counterparts (i.e. incumbent firms which belong to the same 2-digit industry). Second, the relative productivity of the entry cohort is defined as the un-weighted average of the relative individual TFP indexes. Table 4 . TFP level of entrants relative to incumbent firms by entry cohort (log difference) Cohort 1990 Cohort 1991 Cohort 1992 Cohort 1993 Cohort 1994 Cohort 1995 Cohort 1996 Cohort 1997 Cohort 1998 Cohort 1999 Cohort 2000 Cohort 2001 Cohort 2002 Cohort 1990 year of entry. Moreover, it is noticeable that the few times the difference is negative (for instance the first year of the 1992 1994 and 1997 entry cohorts), the difference is not significant. In contrast, as soon as the difference turns to be at the advantage of entering firms (usually the second year of entry), it is also, almost everywhere, significant at the 0.05 level.
The observation that new entrants outperform incumbent firms contrasts with the earlier paper by Baldwin and Rafiquzzaman (1995) and with the recent one by Farinas and Ruano (2005) despite they use a similar methodology to compute relative productivity indexes. One explanation could be that our dataset is restricted to firms employing at least 20 employees.
We then observe young firms rather than "true" new entrants. Nonetheless, our firm survival rates in the first years of existence are quite similar to what is usually found in post-entry analyses. Moreover, our results are consistent with other studies as the earlier one by Griliches and Regev (1995) on Israelian firms, and also the Dysney, Haskel and Heden (2003) study on UK data. This last paper also shows that new entrants outperform continuing firms.
If the French dataset does not support the idea that entering firms suffer from a productivity disadvantage relative to incumbent firms, it is consistent with a vintage hypothesis according to which new firms embody better technology than older ones 14 .
This interpretation is further suggested in Table 4 , as the productivity advantage of new firms over incumbents increases with the cohort age. For instance, if one computes the average of the productivity advantage of new firms over five years after birth, it is about 2,9 % for the 5 oldest entry cohorts and about 5,3% for the 5 youngest entry cohorts.
Moreover, this advantage is statistically significant from the very birth of entrants in the case of the 3 youngest entry cohorts (2000, 2001, 2002) and not in the case of the older cohorts.
The fact that young firms outperform incumbent firms is puzzling for the theory and especially for the evolutionary learning view of post-entry selection process according to which productivity improvements of entry cohorts are driven by technological or best practice catching-up of entering firms. It is also at odds with the idea that new firms cope with a productivity disadvantage due to scale inefficiencies. The observation that entrants outperform incumbents in terms of productivity is consistent with the idea that incumbents benefit from some advantages over entrants. Indeed, despite this productivity disadvantage, mature firms do not exit the market. This reveals some degree of imperfect competition on French manufacturing good markets. Table 4 in itself does not allow further discriminating between a natural selection view of post-entry dynamics and a competitive selection view. Indeed, both types of selection process can still underlie the productivity improvements of any entry cohort in Table 1 . For instance, the sharp increase in the relative productivity of entrants just after entry could be underlined by an intensive natural selection process against relative inefficient entrants (i.e. entrants whose productivity advantage at birth is not high enough to overcome some given initial disadvantages). Alternatively, differences in relative productivity at birth between entrants may not be as important as their ability to grow enough to cope efficiently with the reactive strategies that incumbent firms may put in motion as soon as they have precise enough information on the productivity advantage of the new entrants.
To further discriminate between both views, Table 5 below distinguishes between successful entrants (firms which survive more than 5 years) and unsuccessful or failing entrants (firms which failed within 5 years after their entry). Table 5 show TFP differences between entrants themselves. Simple TFP differences are reported in Column FE/SE while TFP differences controlled by cohort are summarized in Column FE/SE (CHO).
The first important result from Table 5 is that both successful and unsuccessful entrants outperform incumbent firms. Moreover, both of them "reveal themselves" to be more productive than incumbents as soon as year 2 after entry. Finally, both of them maintain their productivity advantage over years 3 and 4. It is only in year 5 (i.e the last year of exit for a failing entrants) that the average productivity advantage of unsuccessful entrants over incumbent firms fall behind the own advantage of successful entrants.
This result questions the hypothesis of a harsh pure selection mechanism just after entry.
Indeed, if such a process was occurring, then one should observe a stronger revealed productivity advantage for successful entrants compared to unsuccessful ones. The competitive view according to which new firms have to learn how to compete on imperfect competitive markets is then the most plausible view in accordance to the basic stylised facts that emerges from the first three Columns of Table 5 .
If we turn now to the last Columns, additional insights can be given on the performance of successful entrants relative to unsuccessful ones. While no TFP differences emerge at first sight (see Column SE/FE), successful entrants reveal themselves to be actually more productive than unsuccessful ones when TFP differences are controlled by the cohort (i.e. when the comparison involves only entrants of the same entry-cohort).
This productivity advantage of successful entrants over unsuccessful entrants may indicate that a pure natural selection mechanism is nonetheless at work. As this natural selection mechanism is not driven by the market competition with incumbent firms, it has to come from elsewhere. One hypothesis is that it comes from the competition that prevails between entrants themselves. This hypothesis is further investigated in Duration models in Section 7 below.
In order to go one step further, we also consider in Table 3 the maturation process of new entrants looking at their relative growth in terms of employment and profitability. Both indexes may give us more insights on the ability of some entrants (the surviving ones) to compete successfully against some others (their failing counterparts) and to grow rapidly enough to survive to the reactive strategies of incumbents. Table 5 ) means identical performance. Once more, entry cohorts are pooled to put the emphasis on general trends and successful entrants (SE) versus failing entrants (FE) are compared no only among themselves but also between themselves and incumbent firms (I). In the last Column, COH means that the relative performance is controlled by the cohort. While the profitability of entrants as a whole (E) apparently follow a regular catchingup process towards the profitability level of incumbents firms (1 means equal performance), the pictures changes radically when one discriminates between the two sub-populations of successful entrants (SE) and failing entrants (FE). On the one hand, successful entrants catch up quite instantaneously to the profitability level of incumbent firms. On the other hand, failing entrants also catch up but at a much slower rate.
Note that the mechanism underlying the catching up process of the FE population is clearly due to a selection process (i.e. the exit of the least profitable firms within 3 years after entry).
Unsuccessful entrants that survive until age 4 and 5 do not exhibit similar weak relative performances (65 and 88 % of the profitability of incumbent firms respectively). This suggests that those firms were catching up, not falling behind, but this process wasn't strong or fast enough to allow them to survive to the competition of the rest (young surviving firms and incumbents). Table 6b reports the relative employment levels of the different population of firms.
Once more, the dynamics of E/I is a catching-up dynamics. Note however, that new entrants remains relatively small compared to incumbent firms even 10 years after their entry. This feature is quite consistent with the existing literature on post-entry performance especially the one focusing on European countries. In contrast, successful US entrants are characterised by much higher growth rates after entry (see Bartelsman, Schivardi and Scarpetta, 2005 for a recent comparative analysis of firm demography between Europe and US).
If we now consider the sub-population of SE and FE, two main results emerge. First, it appears that initial size of failing entrants is significantly smaller than the initial size of successful entrants. This may indicate that failing entrants suffer somehow from their relative smaller size and that this occurs despite their size disadvantage does not translate into a productivity disadvantage relative to their incumbent counterparts. Note, nonetheless, that the relative smallness of FE relative to SE is positively correlated with a productivity disadvantage. The second important result is that FE experience lower growth rates compared to SE but still follow a catching up process towards the employment level of incumbent firms.
Once more, this leads us to conclude that FE do not survive mainly because they do not grow fast enough to struggle efficiently against their incumbent counterparts.
In summary, the analysis of post-entry performances on French manufacturing goods industries reveals that market selection processes are complex. They do not simply resume to a natural selection process 15 according to which new entrants exit when they reveal themselves not able to reach the minimum productivity level required to become an incumbent firm. Moreover, different competitive games seem to co-exist between the different actors in the market. Specifically, while the competition between entrants and incumbents clearly involve something else than a pure selection mechanism (i.e. a selection only based on productivity differentials), the competition among entrants themselves seems to be more directly tied to differences in productive efficiency.
Pre-exit performances of mature firms.
In this Section, we take advantage of the time series dimension of our data set in order to investigate about the pre-exit performance of mature firms. If exit cohorts exhibit lower performance than their surviving counterparts in the year of market exit, one can wonder about how this phenomenon is achieved, i.e. how exit cohorts performance evolve in the years prior to exit. Griliches and Regev (1995) pointed out the existence of what they called a "shadow of death" effect which refers to the observation that a performance gap between exiting and surviving firms exists in the years before the exiting year. Few studies are addressing that issue and they can even reach contradicting results (see Wagner 1999 and Almus, 2002 on German data sets). Most of those empirical studies are addressing that shadow of death effect by using the evolution of employment growth rate as the main 15 Also called pure selection in terminology is used by Baldwin and Rafiquzzaman 1995. indicator. We pursue this investigation in looking at two performance indicators beyond size/employment, namely TFP and profitability. At least, labour productivity is also documented in the Tables further but mainly as a sort of control variable.
Let us start the discussion by Table 7 which displays the relative TFP performance of exiting cohorts as, instead of employment growth rates, we are considering TFP as a more informative performance indicator.
The reference population in each Column are firms of more than five years that are in the data base on the overall period (from 1990 to 2001) . Then, each line of numbers expresses the evolution of the relative TFP difference between each exit cohort (from 1990 to 2001) and that population of incumbents. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 There are two major results. The one is that all exit cohorts are less performing than the surviving firms far beyond the exit year. Except the 1996 exit cohort for which that lower performance is appearing only three years before the exit date, that relative TFP differential occurs far before the exit date (even ten years before for the 2000 exit cohort). The other is that this observation is significant in most of the cohorts not only at the exit date but in the years prior to exit. Moreover, that gap tends to gradually increase when we get closer to the exit date. In that respect, as far as TFP is concerned, we found the existence of a shadow of death effect in almost all exit cohorts. These results are quite similar to those exhibited in Kiyota (2005) .The hypothesis that exiting firms perform lower productivity than the surviving ones not only the year of the exit but also some times before exit is almost confirmed over the overall period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . Now, let us improve that result by adding in the discussion two other performance indicators, size and profitability. Here, we pooled the exiting firms and develop a population analysis comparing their relative performance to the surviving firms (again the more-than five years firms in the sample). A remarkable feature occurs which is the quite continuous decrease in the relative performance of exiting firms for each of the performance indicators in use. Relative TFP is gradually decreasing along the 10 years period before the exit date; it becomes negative seven years before the exit date even if this result is only significant five years before the exit date (bold numbers). Relative profitability and size are continuously decreasing and those indicators are significant 9 years and 6 years before the exit date, respectively. Moreover, the magnitude of relative profitability is quite higher than the ones of the two other performance indicators, and that magnitude also increases during the five years period prior to exit. As such, the evolution of firm profitability is probably the most relevant indicator to rely on firm exit mechanisms. Contrary to other contributions (see Van der Wiel, 1999) , we found a remarkable similar trend among the three performance indicators in use to corroborate for the existence of a shadow of death effect from our data set. Finally, note that relative labour productivity is always negative. This can be thought of as an indication of a systematically weaker capital intensity of exiting firms, despite this could also be due to some composition effects, as we are discussing about a population of inter-sectoral firms.
Moreover, those results are quite stable and robust. Table 9 provides the same information than the previous ones but the reference population is changed. Instead of using the overall mature firms in the sample, we apply a non parametric matching method similar to Almus (2002) and compare exiting firms only to the sub-set of their most similar surviving counterparts. Actually, we match firms according to the following start-up characteristics: initial firm size, year of entry, industry classification at the 4digit, legal form and the initial number of establishments. The previous results are essentially affected in two ways. First, the matching method essentially improves the magnitudes in the decrease of performance of exiting firms, especially of their relative TFP growth rates. Second, it improves the significance of the results, at least for relative TFP and profitability. Relative size is not affected as far as the significance of that indicator is concerned.
At this stage, further discussion is needed about the relative importance of market selection. With regard to our performance indicators, it is noteworthy to emphasise how relative TFP to incumbents is not actually useful to discriminate between the population of failing and successful entrants in their post-entry behaviours. However, relative TFP gaps are significant as far as the pre-exit behaviours of exiting firms is concerned. Therefore, TFP can be thought of as a necessary but not sufficient condition to be fulfilled in order to stay on the market and further structural characteristics have also to be considered as far as explaining the market selection process is at central stake. In other words, market selection cannot be fully explained through a pure productive efficiency analysis.
Moreover, the existence of a quasi-systematic shadow of death effect can be interpreted in a twofold perspective: either it means that market selection is not effective enough and allows firms to survive whereas they should have left the market or, that market selection is efficient but allows firms to anticipate that they need to leave the market so as they react gradually and adjust downward especially their employment level before actually leaving the market (Almus, 2002) . Therefore, in the next Section, we focus the discussion about selection mechanisms as regards firms' structural characteristics.
Market Selection and Firm Survival
Econometric Specification of the Duration Model
This Section presents the econometric model used to study the forces driving selection mechanisms for the population of firms above 20 employees in French manufacturing in the nineties. We estimate a duration model for grouped data following the approach first introduced by Prentice and Gloeckler (1978) . Suppose there are firms i={1,…,N}, who enter the industry at time t=0. The hazard rate function for firm i at time t > 0 and t={1,…,T} is assumed to take the proportional hazards form:
is the baseline hazard function and Xit is a series of time-varying covariates summarizing observed differences between firms. The discrete time formulation of the hazard of exit for firm i in time interval t is given by a complementary log logistic function such as
, where θ(t) is the baseline hazard function relating the hazard rate at the tth interval with the spell duration (Jenkins, 1995) .
This model is the discrete time counterpart of the Cox's proportional hazard model for continuous time (see Meyer, 1990) . It can be extended to account for unobserved but systematic differences between firms. Suppose that unobserved heterogeneity is described by a random variable i independent of Xit. The proportional hazards form with unobserved heterogeneity can now be written as
Assuming that i is Gamma distributed with mean one and variance ν, the log-likelihood function is written: 
where ci is an indicator variable taking unity for firms exiting the market, 0 otherwise. The parameter ν and β are to be estimated. Note that the proportional hazards form without heterogeneity (
) is the limiting case as ν → 0. The relevance of the estimated unobserved heterogeneity is tested directly by the significance of parameter ν.
Besides, we also perform a likelihood ratio test between the unrestricted model (with unobserved heterogeneity) and the restricted model (without unobserved heterogeneity). The reported estimates are chosen from the LR test. We use originally two specifications for the discrete time proportional hazard model: (i) a flexible parametric specification for the baseline hazard function is a polynomial in duration; (ii) a log(time) specification for duration dependence, comparable to a Weibull model for continuous time duration models. Because the results do not differ significantly, we report the flexible parametric specification only.
We expect the hazard of exit to depend primarily on firm performance. However, we do not expect all performance variables to have a similar effect, depending on whether a firm is new to the market (age ≤ 5) or an incumbent (age°> 5). We define firm performance in terms of profitability, productivity and size. First, we expect profitability and size to boost survival for all types of firms, i.e. to impact negatively on the hazard of exit. The reason for this is that profitability is both the utmost condition and the chief objective for firms to survive and expand their activities. Additionally, we expect size to play a similar role, allowing us to grasp effects such as scale economies (other than those accounted for in the measure of productivity), scope economies, and lastly the stability of internally-generated funds, allowing large firms to spread the fixed costs of innovative activities into a wider spectrum of sales.
The role of productivity is more ambiguous. Imagine that market competition for incumbents and entrants differ in systematic ways. Following Audretsch et al. (1999) , incumbents could well compete on prices whereas entrants compete on product in specific market niches.
Should this depict competition adequately for both entrants and incumbents, one would expect productivity to matter essentially on commodity markets, i.e. for incumbents, whereas this should not be necessarily the case for entrants. Therefore, we expect productivity to deter firm exit for incumbents, i.e. boost firm survival, whereas we expect no particular effect for entrants. Lastly, firm age is included as an additional proxy for firm performance. 16 .
We include a set of control variables in terms of industry structures and year of entry (vintage) which may steer firm exit beyond and above the presumably chief role of firm performance. The work of Gort and Klepper (1982) , the more recent series of Klepper's work (1996; and Argarwal and Audretsch (2001) implies that the dynamics of industry is likely to affect firm exit. The stylised fact goes as follows. In early stages of the industry, competition is mainly based on product innovation. Both firm entry and firm exit are frequent, although entry dominates over exit. When the industry is mature, process innovation dominates so that price competition plays a major role in dictating firm exit. One should therefore control for such effect. To do so, we follow Mata and Portugal (1994) and define a series of additional variables as follows. First, entry represents a threat for incumbents, so that in industries with a high entry rate, we would expect firm lifetime to be shorter, i.e. we expect a positive sign on firm exit. We control further for the size of entrants to control for an ex post (and indirect) measure of barriers to entry. In industries with a high entrant size, barriers to entry are higher so that we expect firm lifetime to be longer (negative sign on firm exit). We control for industry structures by measuring the size of the industry (computed as the sum of sales by firm belonging to the industry) and the Herfindahl concentration index (defined as the sum of the squared market shares). Interpreting them as an indirect measure of industry maturity, we expect both measures to relate negatively to firm exit. In addition to
Mata and Portugal, we compute the mean value of sectoral productivity to control for systematic differences in TFP levels across industries. The intuition here is that industries with high TFP levels may be associated with high turnover rates, selecting out firms with high productivity levels with respect to the rest of the economy. Ignoring this issue could produce an over-estimation of the TFP coefficient. Lastly, we control for vintage effects by including a series of binary variables indicating entry year.
In order to estimate the model, it is necessary to re-organise the data set in such a way that rather than the firm being the unit of analysis, we use the spells at risk. Entrants at the right-hand side of the datasets (year 2002) have been discarded from the analysis. All explanatory variables are entered in logs, so that estimated coefficients can be interpreted as the change in the discrete hazard rate for one percent change in the associated covariate.
Because firms may have negative profitability values, we add to the vector of independent variable a dummy variable set to unity if the firm witness negative profitability, 0 otherwise, setting artificially the log value of their negative profitability to zero. Table 10 reports the results for different specifications (Columns 1 to 4) and by decomposing the population of firms into incumbents that were operating already in 1984 (the start of the dataset) and entrants, that is, firms that have entered the market 1990 or after (Columns 5 and 6). The objective of such decomposition is to investigate whether the market selection forces operate equally over these two types of firms. All models originally control for unobserved heterogeneity as specified above. However, when the estimated variance of i is not significant, Table 10 reports the results from our estimations for the restricted model only.
Results on Firm Duration
Looking at the LR test, we find that the unrestricted models (accounting for unobserved heterogeneity) is preferred to the restricted specification (without unobserved heterogeneity)
in 5 of the 6 specifications. Only for incumbents (Column 6) the restricted model is chosen.
Unobserved heterogeneity is significant in only 3 cases (Columns 1, 3 and 5). Accounting for entry cohorts wipes out the effect of parameter ν, suggesting that a great deal of firm specific attributes is collinear with the year of entry. We opt for specification (3) for the estimations of the determinant of exit by type of firms (Columns 5 and 6).
Looking first at the whole population (Column 1), we find that both size and profitability have a negative impact on the hazard of exit. As stressed earlier, this should be expected. Large firms are likely to enjoy stronger financial resources and more stable revenues. Second, the effect of profitability on the hazard of exit is particularly large, suggesting that the probability of exit is very sensitive to small variations in firm profitability.
Consistently, firms witnessing negative profitability are more likely to exit the industry. This should come as no surprise: profitable firms ought to remain on the market, whereas small departures from profitability may have dramatic consequences for firm survival. These results hold strongly across alternative specifications displayed in Columns 2 to 4. 710.6 LR test 12, 594 .8*** 12,595.5*** 12,301.5*** 12,211.2*** 4,702.4*** 0.001 Observations 282,137 282,137 282,137 282,137 71,172 58,947 We find no significant effect of productivity on the hazard of exit across all specifications (Columns 1 to 4). This is consistent with our results on post-entry performance, where we find that failing entrants do not have significantly lower levels of total factor productivity.
Still, these results are at odds with our descriptive findings on pre-exit performance, where exitors' productivity levels are significantly lower already five years before exit. What is happening is that controlling for other variables such as size and profitability wipes out the significance of productivity: TFP is neither a significant nor a sufficient explanation for firm exit. In fact, one may well conjecture that what is worth exploring is not so much the effect of productivity on firm exit. Instead, the investigation of the relationship between profitability and productivity, i.e. the causality and its direction, may prove more fruitful.
In Column (2), we include the vector of variables describing the sectoral characteristics: There are two alternative, perhaps opposite, interpretations for this. First, large sectors (in terms of sales) offer a wide range of unexplored but available market opportunities which are yet to be exploited. This would allow all types of firms to benefit from first mover advantage from these unexplored niches. It is not clear whether incumbents or entrants are better able to seize such opportunities, for this depends on initial sunk costs, barriers to entry, the minimum efficient scale and the technological competencies needed to fulfil these niches.
The second takes the opposite path. In this case, industry size acts as proxy for the maturity of industry. With little or no room for additional entrants, all incumbent firms operate near or at equilibrium, so that the industry turnover rate is low. Thus the observed coefficient could also indicate industry maturity. It is not easy to say which effect dominates, but we will come back to this issue when we investigate the stability of the selection mechanisms by distinguishing entrants from mature firms.
Pushing further the analysis of the influence of industry characteristics on market selection, we observe a significant and positive effect of the Herfindahl index on the hazard of exit. This suggests that concentrated industries boost the selection of firms. This should be expected: processes of industrial concentration naturally translate into a lower number of firms by boosting firm exit. Lastly, average sectoral TFP, although not significant in Column
(2), becomes significant and negative in Columns (3) and (4). This is contradictory to the observation that sectoral productivity growth is associated with higher firm turnover, i.e. firm entry on and firm exit from the market. One possible explanation is that high productivity growth rates are associated with many technological opportunities, the exploitation of which could boost firm survival. More generally, our results call for a finer investigation regarding the effect of firm performance, industry structures on the hazard of exit, by firm type.
Columns (5) and (6) Table 10 . First, if both size and profitability have a significant and negative effect on the hazard of exit, we find evidence of a divergent effect of productivity on firm exit.17 For incumbents, productivity is negatively associated with the hazard of exit, suggesting that for incumbents, moves away from productive efficiency are particularly painful and may translate into a lower profitability, and eventually into exit from the market. For entrants, our expectation was that TFP would play no particular role for entrants. Instead, we find that more productive firms are more likely to exit. This is somewhat striking, and our proposed interpretation should be taken with great caution. Imagine that entrants position themselves primarily on the high quality end of markets, necessitating continuous investment in upstream research and development and more risky positioning on the market. In this sense, high initial TFP can be associated with high risk and consequently higher hazard exit rates.
More generally, our findings suggest the existence of a two-tier market structure. The first layer is that of rather stable large firms, i.e. incumbents, for which competition is mainly based on price competition, implying that departures from productive efficiency may prove harmful. Such firms are not very sensitive to market structures18, the reason being that they themselves define the bulk of the industry. The negative and significant sign of the number of entrants suggest that it is not entry per se that threaten the survival of incumbent firms. It rather might be the successful growing adolescents which put threat on mature firms. The near significance and negative sign of Herfindahl is worth noting: it could reveal behaviour of collusion amongst large firms, which are aimed at prolonging preferential market position, in highly concentrated markets. This fine and stable market structure differs from the second, more turbulent, layer. Entrants compete on products and are subjugated to industry structures.
With the exception of the number of entrants, all industry characteristics have a significant effect on firm exit. The mean size of entrants and industry size are negatively associated with the hazard of exit. This pleads in favour of the idea that large sectors offer a wide range of 17 Interestingly, we note that the significance of TFP is lower that those for size and profitability, implying that TFP, although important, is not the prime driver of firm duration. 18 Only one in five industry variables has a significant impact on incumbent hazard of exit.
unexplored market opportunities for entrants principally, boosting their survival rate. Industry concentration and the level of productivity of the sector exert a positive influence on the probability of exit. This is in line with our prior findings on concentration, with the additional insight that entrants are those subject to selection, not incumbents. Likewise, the positive sign of sectoral productivity suggests that sectors with high productivity levels are associated with a higher turnover rate for entrants, not incumbents.
Altogether, our findings suggest that several games are played in the same courtyard and that selection mechanisms may differ depending on the game. The first game is the one played by incumbents among themselves. It relies heavily on price and cost competition for commodities with rather stable and well identified competitors and, in this game, selection drive out of the market the less efficient firms. The second game is the one played by incumbents against new entrants. This game seem to imperfect in nature as failing entrants are in average more efficient than surviving incumbents. Finally, a last game is the game played by entrants among themselves. Entrants seem to compete on new products rather than to costor price-compete. As a whole, entrants are significantly more affected by industry structures and large market offer new opportunities that are primarily seized by entrants. While descriptive statistics on post-entry performance shown that failing entrants were less efficient than their surviving counterparts, our results on duration models contradict this preliminary finding. High initial TFP level my even be an handicap for the survival of new entrants if they are the transcription of the involvement of the firms in highly risky activities.
Conclusion
In this paper we study how market selection mechanisms have been working on French manufacturing goods markets over the last decade. We investigate this issue under the hypothesis that the competitive challenges a firm have to face, may change along the different stages of its life. On the one hand, young new entrants face the challenge to reveal themselves productive enough and/or able to learn fast enough in order to survive to the reactive strategies of larger and more powerful incumbents firms. On the other hand, mature firms face the challenge to continuously renew their productive capabilities, i.e. to adapt themselves to new productive environment. Mature firms which will reveal themselves no more productive enough and/or not able to adapt fast enough will loose market shares, shrink and eventually exit the market.
Our empirical investigation led us to the following results. In accordance with most of the industrial dynamics literature, we found that, exiting firms, as a whole, display below-average performance levels and are significantly smaller than their surviving counterparts. We nonetheless found key distinguishable features of exit patterns in discriminating between young and mature firms. We found that young exiting firms do not display productivity disadvantage relative to incumbent firms. They nonetheless display a small but significant productivity gap compared to their surviving counterparts. By contrast, mature exiting firms display a large and significant productivity disadvantage relative to their surviving counterparts. This gap widens the year of exit but emerges several years prior to their exit.
More precisely, we find the existence of a "shadow of death" effect for each performance indicators in use (relative TFP, profitability and size).
This later result may reveal that, as far as mature firms are concerned, French markets select against persistent bad performers and not against temporary looses of efficiency.
Interestingly, this stylised fact can however be given two opposite interpretations. On the one hand, this may reveal that markets are well-functioning as they evaluate firms on a mediumrun horizon and not on a too short-run horizon. On the other hand, this may reveal a kind of inertia if market selection processes work in favour of established firms and against new entrants, in the sense that the later ones are more heavily sanctioned than the former ones. We finally conclude that micro data from French manufacturing industries show average behaviour consistent with a common view of market selection mechanisms favouring the most efficient firms. However, the institutions that help markets to rightly operate this selection process may be more severe for young firms compared to mature firms.
Annex: Main variables for TFP computation
All nominal output and inputs variables are available at the firm level. Industry level data are used for price indexes, worked hours and depreciation rates.
Output
Gross output (sales) is deflated using sectoral price indexes published by INSEE (French System of National Accounts).
Labour input
Labour input is obtained by multiplying the number of effective workers19 by the average worked hours available each year at the industry level. This choice has been made because there is no data on hours worked in the EAE survey. Note also that a large drop of worked hours occurs between 1999 and 2000 because of the specific "French 35 hours policy" (On average, worked hours fall from 38.39 in 1999 to 36.87 in 2000) .
Capital input
Capital stocks are computed from investment and book value of tangible assets 20 following the traditional perpetual inventory method (PIM):
where t is the depreciation rate and It is real investment (deflated nominal investment) 21 .
Materials
Materials are deflated using sectoral price indexes published by INSEE (French System of National Accounts).
Labour and capital cost shares
With w and c standing respectively for wage rate and user cost of capital, represents the total cost of production of firm k at time t. Labour and capital cost shares are then respectively given by The number of effective workers = the number of employees plus the number of outsourced workers minus workers taken from other firms. 20 For each year, we rely on the book values reported at the end of the accounting exercise. 21 Both investment price indexes and depreciation rates are available at the 2-digit industrial classification. 22 For simplicity, we make abstraction of temporal indices when this not leads to confusion.
